ABSTRACT This study aimed to develop growth centiles at different gestational weeks for fetal biparietal diameter, abdominal circumference, femur length and head circumference in a Pakistani cohort. Data were collected at a tertiary referral hospital from pregnant women at gestational ages 13-40 weeks referred for obstetric ultrasound as a part of routine antenatal care. A total of 1599 fetal sonographic biometric measurements were collected after screening for the inclusion criteria. For each measurement, separate regression models were derived to estimate the mean, standard deviation and reference percentiles at each week of gestational age for this cohort. The best fitting model for each variable was selected. These charts will help radiologists and clinicians in predicting dates of delivery, assessing fetal growth and identifying intrauterine fetal insufficiency in the Pakistani population. 
Introduction
Fetal biometric measurements of different anatomical structures are valuable in radiological and obstetric practice for the estimation of gestational age, assessment of intrauterine growth and differentiation of normal from abnormal fetuses [1] . Birth weight estimation also depends on different fetal biometric measurements and has tremendous value for neonatal management in terms of appropriate time of delivery, specific obstetric interventions and delivery under intensive neonatal care support. Clinical approaches to fetal biometric measurements and weight estimations by fundal height measurement and abdominal palpation are helpful, but are subjective and are strongly influenced by factors such as maternal obesity, multiple gestation and operator experience [2, 3] . Additionally these approaches are non-technical and cannot be used reliably in the early stages of pregnancy.
At present ultrasound is the most widely accepted method for determining fetal anthropometric measurements [4, 5] and many studies have emphasized its usefulness [6] [7] [8] [9] [10] . While growth measurement centiles have been generated by various investigators using standard parameters [11] [12] [13] [14] [15] [16] , almost all fetal biometric growth centiles using sonographic anthropometric measurements have been derived from data from European and American populations [11] [12] [13] [14] [15] 17] ; only a few studies have used Asian women [16, 18] . Fetal anthropometric data from the population in Pakistan are limited [18] and fetal centiles derived from other ethnic populations applied in our locality might lead to systematic errors in estimation. The primary objective of this study therefore was to use fetal anthropometric measurements obtained from ultrasound from a multiethnic cohort of Pakistani low-risk pregnant women to establish growth centile charts for our local population.
Methods

Setting and sample
Data were collected from 1 January 2007 to 31 July 2008 in the department of radiology of Aga Khan University hospital, Karachi. This is one of the largest tertiary care centres in the Pakistan, with patients coming from all ethnic strata within the country.
All pregnant women referred to the department of radiology for routine obstetric ultrasound examination as a part of antenatal care were included in the study. The inclusion criteria were singleton pregnancy, Pakistani ethnicity and gestational age confirmed by first trimester ultrasound or patients' last menstrual period (LMP). Exclusion criteria were the presence of any fetal congenital abnormalities on ultrasound, uncertain LMP, ultrasound and menstrual age differing more than 10 days, fetus with intrauterine growth retardation, mother with underlying chronic diseases or on medication that could affect fetal growth or mother unavailable for follow-up. All pregnancies were longitudinally followed from the medical records until the birth of the baby. Neonates born with low birth weight or having low Apgar scores were also excluded. Of 1200 pregnancies with radiological records available, 600 patients fulfilled the inclusion criteria. From these pregnancies, 1599 obstetric ultrasounds were obtained at different gestational ages of the fetus during the course of the pregnancies.
Data collection
All women included underwent at least 1 ultrasound examination in each second and third trimester to determine fetal biometric measurements. All ultrasounds were performed by qualified, experienced obstetric radiologists using the predefined, structured departmental protocol. All measurements were done with a realtime ultrasound scanner (Aloka SSD-650) using a 3.5 MHz curvilinear probe. Soft copies as well as hard copy images of fetal biometric measurements were taken for documentation. A proforma was used for data collection.
Biparietal diameter (BPD), femur length (FL), head circumference (HC) and abdominal circumference (AC) of the fetus were measured in a standardized way using the electronic callipers of the ultrasound machine. BPD was measured (leading edge to leading edge) at the transthalamic plane with visualization of the cavum septum pellucidum. FL was measured from the greater trochanter to the lateral condyle. AC was measured at the level of the umbilical vein by tracing the outline of the trunk on the screen of the ultrasound machine (circular or elliptical outline includes the fetal spine, umbilical vein and stomach). HC was measured by outlining the head on the screen in transverse image. Three measurements were made for each variable.
Each woman contributed at least one set of measurements and each sonographic fetal biometric measurement was included in the analysis independently, regardless of the number of ultrasounds in a single pregnancy.
Data analysis
Data were entered and analysed using SPSS, version 16.0. Reference ranges (90% range between 5th and 95th centiles) were constructed for each biometric parameter and displayed in graph form. Linear, quadratic and cubic regression models were fitted to estimate the relationship between fetal BPD, FL, HC and AC (in millimetres) and gestational age (in weeks). Pearson correlation coefficients (R 2 ) were calculated for each parameter to assess the strength of association for the developed regression model. The best fitting model for each variable was selected. A value of P < 0.05 and R 2 > 0.99 was considered statistically significant. Table 1 shows the frequency distribution of fetal biometic measurements at each gestational age that were input to the analysis. The significant regression models (P-value < 0.05, R 2 > 99%) developed in this study are summarized in Table  2 . The cubic model showed a good fit for BPD and FL, while AC and HC were well correlated with the quadratic model. Figures 1-4 show the estimated 5th, 50th and 95th centiles for BPD, HC, AC and FL respectively for each gestational week between 13th and 40th weeks of gestation. All the studied fetal biometric parameters showed linear growth with gestational weeks until the end of pregnancy. BPD and HC showed more rapid growth in the first half of pregnancy, while FL and AC showed faster growth rates in the later half of pregnancy. There was a peak of the 95th percentile at around 15th and 28th weeks gestation in AC and FL.
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Results
Discussion
In this study measurement ranges for fetal BPD, HC, AC and FL were derived from a multiethnic cohort of Pakistani low-risk pregnant women with singleton births. Each woman contributed at least one set of measurements. All studied fetal parameters showed linear growth with advancement in gestational weeks until the end of pregnancy; BPD and HC showed grew faster in the first half of pregnancy while FL and AC showed faater growth in later half of pregnancy.
The linear growth of BPD and HC until 34 weeks of pregnancy and the charts derived in this study for the 50th centiles of BPD and HC showed a close agreement with published charts from other countries and another Pakistani cohort [14, 17, 18] . Continuous linear growth of AC was seen from 16 weeks to the end of pregnancy. This finding and the 50th centiles derived for AC in this study were consistent with the charts of Lessoway et al. in a North American Caucasian population [17] . Abdominal size appeared to be larger than the 50th centile in Shahida et al.'s study in another cohort from Karachi, Pakistan [18] . This finding could be due to socioeconomic or ethnic differences between these 2 studies, as our study predominantly comprised patients of higher socioeconomic status, while Shahida et al.'s sample included a majority of patients from a particular ethnic group.
A linear growth of FL was seen until 36 weeks of pregnancy and then a plateau was identified; this was most likely due to transverse growth of the fetus at this stage rather than longitudinal growth. Charts derived in this study for the 50th centiles of FL showed close agreement with published charts from North Americans and Pakistanis [17, 18] .
The abrupt peak of the 95th percentile in AC and FL at around 15th and 28th weeks may be because of the wide standard deviation in measurements at these gestational weeks, probably because of the rapid growing period or perhaps due to random errors.
This study had some limitations, besides being carried out a singlecentre, private institute site. The exact proportions of different ethnic groups within the sample could not be identified from the mother's charts. Stratification of charts according to 
Conclusion
Fetal BPD, FL, AC and HC centiles graphs for gestational weeks developed in this study are unique for this population and can be used to assess fetal growth from ultrasound measurements.
Manual of diagnostic ultrasound, second edition, volume 1
When the first edition of Manual of diagnostic ultrasound was published in 1995, it quickly established itself as a reference work. In the intervening period, the rapid developments that have occurred in both ultrasound equipment and investigative techniques, including use of ultrasonography in the therapeutic domain, have necessitated publication of a totally new edition of this manual.
The present manual, a basic reference text that covers ultrasound techniques, recognition of normal anatomical features and differential diagnosis, is the first of two volumes of the second edition. Volume 2, which will cover paediatric examinations, gynaecology and musculoskeletal examinations, as well as therapy, will appear at a later date.
These new publications, which extensively cover modern diagnostic and therapeutic ultrasonography, will be of great use to medical professionals in both developed and developing countries.
Volume 1 begins with a chapter on the basic physics of ultrasound, including one dimensional A-, B-, and M-mode, Bmode two-dimensional, three-, four-dimensional and Doppler ultrasound. This is followed by a chapter on examination techniques. The subsequent fourteen chapters deal in turn with the diagnostic ultrasonography of each of the main organs of the body. The authors of the individual chapters are internationally recognized experts in their fields, while the book' s editors are Professor Harald T. Lutz and Professor Elisabetta Buscarini.
The book is co-published by the World Health Organization (WHO) and the World Federation for Ultrasound in Medicine and Biology. Further information about this and other WHO publications is available at: http://www.who. int/publications/en/
